9950308  049 


MASTER  COPY 


KEEP  THIS  COPY  FOR  REPRODUCTION  PURPOSES 


REPORT  DOCUMENTATION  PAGE 


Form  Approved 
0MB  No.  0704-0188 


Public  reoocting  burden  for  this  collection  of  information  is  estimateb  to  average  i  hour  oer  response,  including  the  time  for  reviewing  instructions,  searching  existing  data  sources, 
gathering  and  maintaining  the  data  needed,  and  completing  and  reviewing  the  collection  of  information.  Send  comments  regarding  this  burden  estimate  or  any  other  asoect  of  this 
collection  of  information,  including  suggestions  for  reducing  this  burden,  to  Washington  Headquaners  Services,  Direaorate  for  information  Operations  and  Reports,  1215  Jefferson 
Davis  Highway.  Suite  1204,  Arlington,  VA  22202-4302,  and  to  the  Office  of  Management  and  Budget,  Paperwork  Reduction  Project  (0704-0 188),  Washington,  DC  20503, 


1.  AGENCY  USE  ONLY  (Leave  blank) 


1  4.  TITLE  AND  SUBTITLE 


REPORT  DATE 

02/17/95 


3.  REPORT  TYPE  AND  DATES  COVERED 

Final  06/01/91  -  11/30/94 

I  5.  FUNDING  NUMBERS 


iiCloning  of  cDNA  for  two  glutamate  receptor  proteins 


DAAL03-91-G-0167 


6.  AUTHOR(S) 

Elias  K.  Michaelis,  M.D.,  Ph.D. 

7.  PERFORMING  ORGANIZATION  NAME(S)  AND  ADDRESS(ES 

The  University  of  Kansas  J 

Dept,  of  Pharmacology  and  Toxicology  f 
and  The  Center  for  Biomedical  Resear® 
Lawrence,  KS  66047  an 


9.  SPONSORING /MONITORING  AGENCY  NAME(S)  AND  AOORESS(ES) 

U.  S.  Army  Research  Office 
P.  0.  Box  12211 

Research  Triangle  Park,  NC  27709-2211 


L8.fPERFORMING  ORGANIZATION 
IfREPORT  NUMBER 


10.  SPONSORING /MONITORING 
AGENCY  REPORT  NUMBER 


11.  SUPPLEMENTARY  NOTES 

The  view,  opinions  and/or  findings  contained  in  this  report  are  those  of  the 
author(s)  and  should  not  be  construed  as  an  official  Department  of  the  Army 
position,  policy,  or  decision,  unless  so  designated  by  ot  ler  documentation. 
12a.  DISTRIBUTION /AVAILABILITY  STATEMENT  12b.  DISTRIBUTION  CODE 

Approved  for  public  release;  distribution  unlimited. 


13.  ABSTRACT  (Maximum  200  words) 

The  studies  described  in  the  original  proposal  to  the  ARO  were  focused  on  the  use  of 
the  immunochemical  tools  developed  in  these  laboratories  to  identify  the  glutamate 
and  CPP-binding  protein  cDNA's  and  clone  these  two  cDNA's.  The  aims  of  these  studies 
included  the  sequencing  of  the  cloned  cDNA's,  the  expression  of  the  proteins  in 
various  cell  systems  such  as  COS  and  CV-1  cells,  and  measurement  of  ligand  binding 
or  ion  channel  properties  of  these  receptor-related  proteins.  It  was  anticipated 
that  following  the  successful  completion  of  these  studies,  the  cDNA  libraries  would 
be  screened  again  in  order  to  identify  either  homologous  clones  or  clones  for  some 
of  the  other  subunits  of  the  complex  of  proteins  isolated  in  these  laboratories. 

This  complex  of  proteins  was  proposed  to  form  a  glutamate/N-methyl-D-asparate  (NMDA) 
receptor-ion  channel.  Part  of  the  work  proposed  was  focused  on  the  documentation  of 
such  receptor  activity  being  associated  with  the  isolated  complex  of  the  proteins. 
The  results  described  in  this  final  report  indicate  that  all  of  the  goals  of  the 
proposed  research  were  completed  and  that  additional  findings  were  documented  that 
strongly  support  the  hypothesis  that  the  isolated  proteins  form  a  type  of 
glutamate/NMDA  receptor. _ 

14.  SUBJECT  TERMS  15.  NUMBER  OF  PAGES 

Membrane  receptors;  nervous  system  receptors;  glutamate  and  ^ 

NMDA  receptors;  organophosphate  target  receptor;  protein  16.  PRICE  CODE 

isolation;  cDNA  cloning. _ _ 

17.  SECURITY  CLASSIFICATION  18.  SECURITY  CLASSIFICATION  19.  SECURITY  CLASSIFICATION  20.  LIMITATION  OF  ABSTRACT 

OF  REPORT  OF  THIS  PAGE  OF  ABSTRACT 

UNCLASSIFIED _ UNCLASSIFIED _ UNCLASSIFIED _ UL _ 

NSN  7540-01-280-5500  Standard  Form  298  (Rev.  2-89) 

Prescribed  bv  ANSI  Std.  Z39-18 
298-102 


t  20.  LIMITATION  OF  ABSTRACT 


TITLE: 

CLONING  OF  cDNA  FOR  TWO  GLUTAMATE  RECEPTOR  PROTEINS 


FINAL  REPORT 


AUTHOR  OF  REPORT 

ELIAS  K.  MICHAELIS,  PRINCIPAL  INVESTIGATOR 

DATE: 

FEBRUARY  17,  1995 
U.S.  ARMY  RESEARCH  OFnCE 


CONTRACT  OR  GRANT  NUMBER: 
DAAL03-91-G-0167 

INSTITUTION: 

THE  UNIVERSITY  OF  KANSAS 
DEPT.  OF  PHARMACOLOGY  AND  TOXICOLOGY 
AND  THE  CENTER  FOR  BIOMEDICAL  RESEARCH 
UNIVERSITY  OF  KANSAS 
LAWRENCE,  KS  66047 


jf't- 


APPROVED  FOR  PUBLIC  RELEASE; 
DISTRIBUTION  UNLIMITED 


A.  STATEMENT  OF  THE  PROBLEM  STUDIED 


Over  the  past  three  years  our  research  efforts  have  been  focused  on  the  isolation  from  brain  neuronal 
membranes  of  a  complex  of  proteins  that  have  the  characteristics  of  a  glutamate/NMDA  receptor,  the 
characterization  of  ligand  binding  sites  associated  with  this  complex  and  the  analysis  of  the  ion  channel  properties  of 
the  complex  upon  reconstitution  in  planar  lipid  bUayer  membranes,  and  the  cloning  of  theglutamate-binding,  CPP- 
binding,  and  glycine-binding  proteins  of  this  complex. 

B.  SUMMARY  OF  THE  MOST  IMPORTANT  RESULTS 

1.  Isolation  of  synaptic  membrane  proteins  that  are  associated  with  an  NMDA  receptor-like  function.  A  protein 
fraction  eluted  from  an  L-glutamate-ReactiGel  matrix  by  introducing  5  mM  NMDA  into  the  elution  buffer  contains 
proteins  with  estimated  molecular  sizes  based  on  migration  in  SDS-PAGE  that  are  equal  to  70, 62, 43  and  41 
(doublet),  and  36  and  31  (doublet)  kDa  (Kumar  et  al,  1991;  1994).  These  proteins  represent  a  greater  than  two¬ 
thousandfold  enrichment  of  NMDA-sensitive  L-[^H]glutamate  and  MK-80 1-sensitive  [^H]TCP  binding  entities 
when  compared  with  brain  homogenates.  The  strychnine-insensitive  [^H]glycine  binding  activity  in  the  NMDA- 
eluted  protein  fractions  is  218  ±  95  pmol/mg  (95  nM  glycine,  n=5  determinations)  and  that  for  [  H]CPP  binding  is 
100  ±  25  pmolAng  protein  (100  nM  CPP,  n=6  determinations).  These  observations  are  indicative  of  the  co- 
purification  and  emichment  of  four  recognition  sites  of  NMDA  receptors  in  this  protein  fraction.  The  estimated 
equilibrium  dissociation  constant  (Kd  )  for  L-glutamate  binding  to  the  agonist  recognition  sites  in  the  complex  is  99 
nM  and  the  maximum  binding  capacity  (B^ax)  for  these  sites  is  1.22  nmolAng  protein.  The  K;  for  NMDA 
displacement  of  L-[^H]glutamate  bound  to  this  protein  complex  is  490  nM.  The  estimated  Kd  for  [^H]TCP  binding 
to  the  complex  is  73  nM  and  the  Bmax  is  1.5  nmol/mg  protein.  L-Glutamate  and  glycine  added  at  a  concentration  of  5 
pM  and  spermidine  at  1  mM  to  the  assay  medium  increased  both  the  observed  association  rate  constant  (kobs)  and 
the  Beq  for  the  binding  of  [^H]TCP  to  the  purified  proteins.  These  observations  are  indicative  of  the  presence  of  an 
apparently  intact  NMDA  receptor-ion  channel  complex  in  these  protein  preparations  in  which  the  agonist,  co¬ 
activator,  and  polyamine  binding  sites  interact  with  the  ion  channel  sites  labeled  by  TCP.  This  complex  has  been 
purified  further  through  chromatography  on  Sephacryl  S-400  HR  and  sucrose  density  sedimentation  to  a  final 
enrichment  of  NMDA  receptor  Ugand-binding  sites  that  is  greater  than  6,000-fold  of  those  observed  in  whole  brain 
homogenates  (Kumar  et  al.,  1994). 

2,  Reconstitution  of  the  complex  into  planar  lipid  bilayer  membranes.  The  possible  formation  of  ion  channels  by 
the  isolated  complex  of  proteins  has  been  examined  in  reconstitution  studies  in  which  both  ion  flux  into  liposomes 
(Ly  and  Michaelis,  1991)  and  ion  channel  conductance  across  planar  lipid  bilayers  (Minami  et  al.,  1992;  Michaelis 
et  al.,  1992)  were  measured.  The  Gaussian  fits  to  all  events  collected  from  6  reconstitution  experiments  reveal  one 
major  conductance  state  of  48  pS  and  two  less  frequent  conductance  states  of  23  and  71  pS.  The  reversal  potential 
for  aU  three  states  of  gjutamate-induced  openings  of  ion  charmels  is  approximately  0  mV.  The  slope  conductances 
for  the  three  types  of  channel  open  states  were  obtained  from  linear  I-V  relationships  and  are  estimated  to  be  23.1  ± 
0.7  pS,  46.8  ±  1.0  pS,  and  74.3  ±  1.4  pS.  The  NMDA-activated  conductance  of  these  channels  is  blocked  by  the 
introduction  into  the  "trans"  chamber  of  the  channel  blocker  MK-80 1  or  by  the  co-introduction  of  two  open-ion 
channel  blockers,  MK-80 1  and  ketamine.  Treatment  of  bUayers  with  the  anti-70  kDa  glutamate-binding  protein 
antibody  (IgG  fraction,  see  below)  introduced  to  the  "trans"  side  (extracellular  face  of  membrane)  causes  a  decrease 
in  the  amplitude  of  charmel  events  and  in  the  total  ciurent  measured  over  50  s  periods.  Complete  inhibition  of  all 
glutamate-activated  currents  was  also  achieved  by  the  introduction  into  the  "trans"  face  of  the  bilayer  of  a  well 
characterized  and  highly  specific  monoclonal  antibody  to  the  70  kDa  glutamate  binding  protein.  This  antibody  was 
used  previously  to  screen  cDNA  libraries  and  clone  the  cDNA  for  the  glutamate  binding  protein  (Kumar  et  al., 

1991)  and  to  label  neurons  and  monitor  the  expression  of  this  protein  in  neurons  (Mattson  et  al.,  1991 ;  1993). 


3.  Isolation  of  subunits  of  a  glutamateINMDA  receptor  complex  and  immunochemical  characterization  of  the 
isolated  proteins.  The  purification  of  63-71  kDa  glutamate-binding  proteins  from  rat  brain  synaptic  membranes 
was  previously  reported  from  this  laboratory  (Chen  et  al.,  1988;  Wang  et  al,  1992).  Antibodies  raised  against  the 
purified  glutamate-binding  protein  (Chen  et  al.,  1988;  Eaton  et  al.,  1990)  label  a  63-71  kDa  protein  band  in 
synaptic  membranes  (Chen  et  al.,  1988;  Eaton  et  al.,  1990,  Wang  et  al.,  1992),  in  protein  fractions  eluted  by 
NMDA  from  glutamate  ReactiGel  affinity  matrices  (Kumar  et  al.,  1991),  and  in  the  fractions  purified  through 
chromatography  on  Sephacryl  S-400  HR  (Kumar  et  al.,  1994). 

A  54—58  kDa  protein  was  first  purified  in  our  laboratories  and  characterized  as  a  CPP-,  2-AP5-,  2-AP7-, 
and  CGP  39653-binding  protein  (Cunningham  and  Michaelis,  1990;  Eggeman  et  al.,  1993).  Antibodies  raised 
against  the  54—58  kDa  CPP  and  CGP  39653-binding  protein  most  often  labeled  a  protein  species  of  79-83  kDa 
molecular  size  in  synaptic  membranes  (Eggeman  et  al.,  1993).  The  anti-54  kDa  antibodies  also  immunoextract  62% 
of  the  [^H]CGP  39653  binding  sites  from  solubUized  synaptic  membrane  proteins  (Eggeman  et  al.,  1993). 

In  order  to  probe  the  structure  and  fimction  of  the  other  two  putative  subunits  of  a  glutamate/NMDA 
receptor  complex,  i.e.,  the  41—43  and  31-36  kDa  proteins,  antibodies  were  raised  against  these  proteins  following 
purification  through  affinity  chromatography  on  glutamate-ReactiGel  columns  and  electroelution  of  the  specific 
protein  bands  from  SDS-PAGE.  Also,  affinity  chromatography  procedures  were  developed  for  the  purification  of  a 
glycine-binding  protein  that  we  believe  is  part  of  the  complex  identified  above.  Purification  of  a  protein  of  ~60  kDa 
to  homogeneity  has  been  achieved  by  this  technique,  and  this  protein  binds  [^H]glycine  with  a  stoichiometry  of  1  mol 
glycine  per  mol  of  protein. 

4.  Cloning  of  the  CPP-binding  and  glycine-binding  protein  cDNAs  and  studies  of  the  expression  of  these 
proteins  in  brain.  The  cloning  of  the  cDNA  for  the  71  kDa  glutamate-binding  protein  was  achieved  in  1991 
(Kumar  et  al.,  1991).  Tire  structure  of  this  protein  bears  no  significant  homology  to  the  structure  of  either 
NMDARl  or  NMDAR2  or  the  kainate/AMPA  receptors.  E.  coll  transformed  with  the  cDNA  for  the  glutamate 
binding  protein  express  the  protein  in  a  state  that  binds  L-glutamic  acid  with  the  same  affinity  as  that  of  the  protein 
purified  from  brain  (Kumar  et  al.,  1991).  Site-directed  mutations  were  introduced  in  the  expressed  protein  to  probe 
the  regions  that  contribute  predominantly  to  the  expression  of  ligand  binding  activity  (Hong  et  al.,  unpublished 
observations).  A  region  near  the  C-terminal  of  the  protein  has  been  identified  which  plays  a  dominant  role  in  the 
expression  of  glutamate  binding  activity.  Mutants  which  express  a  protein  that  has  the  whole  N-terminal  region  up 
to  the  putative  transmembrane  domain  #4  removed,  exhibit  higher  levels  of  binding  activity  than  the  mutants  in 
which  14  amino  acids  near  the  C-terminal  region  were  deleted.  The  change  in  ligand  binding  characteristics  of  the 
mutated  proteins  m  this  critical  14  amino  acid  region  is  a  decrease  in  both  Kd  and  B^ax  for  L-glutamic  acid  binding 
to  the  protein.  These  observations  confirm  the  likely  extramembranous  position  of  the  C-terminal  of  the  protein  and 
indicate  that  expression  of  this  protein  in  bacterial  cells  provides  a  useful  model  for  the  study  of  ligand  binding 
selectivity. 

The  antibodies  raised  against  the  previously  purified  54  kDa  fragment  of  the  CPP  or  CGP  39653-binding 
protein  have  also  been  used  in  library  screening  and  a  2.8  kb  cDNA  was  cloned,  which  upon  expression  in  bacteria 
leads  to  the  production  of  an  83  kDa  protein  which  binds  both  [^H]CPP  and  CGP  39653  (Johnson  et  al.,  1992). 
Preliminary  studies  indicate  that  this  cloned  and  expressed  protein  has  unique  NMDA  receptor  sites  that 
are  sensitive  to  organophosphate  inhihition  (Johnson  and  Michaelis,  unpublished  observations). 

The  sequence  of  the  cloned  cDNA  already  obtained  is  not  homologous  to  other  NMDA  receptor  proteins.  A  larger 
cDNA  clone  of  3.8  kb  for  the  CPP-binding  protein  was  also  isolated  and  the  sequencing  of  this  clone  is  now  nearly 
complete.  Both  the  3.8  and  2.8  kb  clones  label  brain  mRNA  that  has  an  estimated  size  of  3.8  kb,  which  is  indicative 
that  the  3.8  kb  clone  represents  the  complete  message  for  this  protein.  Both  the  glutamate-binding  and  the  CPP- 
binding  proteins  have  recently  been  stably  expressed  in  mammalian  cells  (green  monkey  kidney  CV-1  cells)  using 
the  stable  episomal  expression  of  a  vector  that  includes  the  Epstein  Barr  Virus  EBNAl  and  Ori  regions.  Cells 


stably  transformed  were  selected  through  expression  of  antibiotic  resistance  genes  for  G418  and  hygromycin. 

Each  of  the  cell  lines  that  are  stably  expressing  these  proteins  showed  immunochemically  recognizable  proteins  of 
66  kDa  for  the  glutamate-binding  protein  and  83  kDa  for  the  CPP-binding  protein. 

In  the  most  recent  studies,  cerebellar  libraries  were  screened  with  the  anti-43  kDa  antibodies  and  eleven 
clones  were  identified  as  expressing  an  immimoreactive  protein.  The  largest  insert  in  one  of  these  clones  is  1.8 
kb.  The  sequence  for  this  cDNA  was  completed  and  it  is  a  unique  sequence  with  only  20%  homology  to  the 
glutamate-binding  protein  (NMDARAl)  but  no  homology  to  either  NMDARl  or  R2  proteins.  Northern  blot 
analyses  of  rat  brain  RNAs  performed  using  the  cloned  cDNA  reveal  a  1.8  kb  brain  mRNA  that  is  strongly 
labeled.  This  indicates  that  the  1.8  kb  cDNA  insert  is  the  complete  message  for  this  protein.  This  protein  and  its 
cDNA  are  referred  to  as  NMDARA3.  The  transformation  of  E.  coli  with  the  cDNA  for  the  NMDARA3  leads  to 
the  expression  of  strychnine-insensitive  but  5,7-dichlorokynurenic  acid-sensitive  [^HJglycine  binding  entities 
which  also  contain  rH]TCP  binding  sites. 

One  of  the  key  observations  for  both  the  NMDARA3  purified  from  brain  synaptic  membranes  as  well  as 
the  protein  expressed  from  the  cloned  cDNA  is  that  the  TCP  binding  activity  of  the  protein  is  very  strongly 
enhanced  by  L-glutamate  and  glycine.  These  observations  are  a  clear  indication  that  this  protein  is  indeed  a 
component  of  an  NMDA  receptor  in  brain. 
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